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The mobility of GaAs-AlGaAs heterostructures w i t h a 6-doping layer of ionized impurities in the GaAs a t a distance zi from the interface i s calculated. I t is shown t h a t the mobility is a good image of the wave function which describes the extension of the electron gas into the bulk. The mobility strongly depends on the depletion density. The c r i t i c a l impurity density where a transition t o strong localization i s expected i s calculated and the dependence on zi is predicted.
The mobility of GaAs-AlGaAs heterostructures has been calculated in recent years /I-4/. The transport theory is based on Stern's and Howard's work on silicon metal-oxide-semiconductor systems /5/. The impurities a r e assumed t o be outside the region of the electron gas. For "6-doping" layers /6/ and f o r quantum wells /7/, experiments have shown t h a t a two-dimensional impurity sheet can be located i n the region of the electron gas.
In t h i s paper the mobility of GaAs-AlGaAs heterostructures w i t h a &-doping layer of ionized impurities in the GaAs a t a distance Zi from the interface i s calculated. According t o the theory of Ref. /5/ the zero-temperature momentum relaxation time T of a two-dimensional electron gas in the presence of a random potential < l~( q ) l~> is given by 2k-a a EF and k~ a r e the Fermi energy and the Fermi wave number, r e s p e c t i v e l y .~ (q) is the dielectric function of the two-dimensional electron gas /8/, including local f i e l d corrections G(q) /4,9/. For a two-dimensional impurity sheet, para1 1 el t o the two-dimensional electron gas and a t a distance zi from t h e AlGaAs/GaAs interface, the random potential f o r wave numer q i s expressed as ni i s the impurity density andeLLis the background dielectric constant. The form factor F(q,zi) accounts f o r the f i n i t e extension of the electron wave functiony(z) into the bulk and f o r the distance between the electron gas and the impurity layer For an impurity layer in the GaAs (zi > 0) with the variational form of the wave function, the form factor can be evaluated analytically /8/ with ap = (1 + q/b), a1 = Zq(3 + qZ/b2)/ba$, a2 = 4q(l -q/b)/bao2, and
The q integral in Eq. ( 1 ) can be evaluated in an approximation, taking advantage of the q = 2 k~ singularity in that case /lo/. This approximation works very well for 1 o w el ectron concentrations, resul t i n g in n. (~i < 100 A), t h e electron density range f o r metallic conduction decreases and reaches a minimum f o r Z i w 100 A. This minimum r e f l e c t s t h e mobility minimum in Fig. 2 . For higher z i (zi > 100 A), the metallic phase increases again.
For n i & n, band bending e f f e c t s a r e expected t o be important. I have neglected these e f f e c t s i n my calculation. However, f o r quantum wells i t has been shown t h a t t h e mobility does n o t strongly depend on the quantum well thickness i f t h e doping is i n t h e middle of t h e quantum well, s e e Fig. 12 of Ref. /11/. Therefore, I believe t h a t f o r z i & 100 A my calculation i s q u i t e r e a l i s t i c , and t h a t Fig. 3 can be used t o estimate t h e i m p u r~t y and electron density range where strong localization effects a r e expected. A metal insulator t r a n s i t i o n f o r fixed impurity concentration has been found i n a density sweep of a "6-doped" GaAs sample /13/. The c r i t i c a l electron density was in reasonable agreement with t h e theory.
In conclusion we have shown how mobility measurements can be used t o determine t h e electron wave function. A low electron density and a doping of t h e region of t h e electron charge is necessary f o r t h i s prediction.
